CRITICAL ITEMS LIST (CIL}

SYSTEM; Fropul sigrsMechanical FUNCTIDHAL CRITr 1
SLRSYSTEM: LOZ Propelisnt Faed PHASECS): a, bor
REW & [WATE: J, TE-19-57 HAZARD REF: F.0Z, P.O&,
OEM & D&TE: P .09, F.14,
AMALYETET A, AftarfH. Clavorook 5.0%, .07
FAILURE MOGE: Leakage

FAILURE EFFECT: al Lezs of mizeion ad vwhicle/ocrew ce to firefesplosion.

b Loes of mission ard vwhicle/crew cue to firefeapiosion
Lees of miexTon dus to premature engine shutoown.

TIME 70 EFFEGT: Secorls

FAILLRE CALBE{S): L Syructural Faflore of kord] ine Component
B: Flamoe Mating Surface Dafacts
C: Structural Failurs of Flex Jaint Companent
D: Seizure of Flex Jainte

REMUNDIAWCY SCREENS: Nor Applicable

FUNCTIOWAL DESCRIPTION: The forwsrd flex fasdline gaction located in the Tntertsnk contains twe Fled joints 2na
trareparts LOZ from the LO2 dome oo the fud elbow section @f the LOF Fesdline.

FHEA [TEM © PART WO, PART N ary EFFECTIVITY

CODECS)

2.1.6.1 PO&3001 75~ 020 L2 Feedline, Frud Flex asay 1 LWT-56 thru 54
0% {Intertank) _ 1 LWT-57 thru 36
-578 1 EUT-EP £ Lp

REMARKS :
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SYSTEM:

CRITICAL ITEMS LIET {CILY
CONTINUJATION SHEET

Fropulsron/Mechanical REW & DATE: Jd, 12-19-%7

SLIBSYETEM: Lag Aropellant feed DCN & QATE;
FMES 1TEM CODECS): E.7.40

RAT [CHALE FOR RETENTEON

RES TN

TI3T:

RASTER

The 37 inch dismacer forward fTlaxibis 1ine aEsembly CongtsIs of ERChimed TLANGEE, Tube Etraisht section,
e b roba by, and s flaxibls foine pseambliss.  Eacn flaxible Jain: coneaink o pressure carmier
bellows and a Ball $Trut assembly, The |ime assembly iz located within whe intertank amd 15 installed
b twern the LOE suction fitting and the LOZ forward elbow |ime eaasemply,

The lire asgembly i5 am all welded configuration fabricated of 37 CRES and 21-4-F ARMOD and has besn
gesigned to mest the Fepuicesd ulTimete safety factors (1.6 for load and 1.5 for pressure onlyl, the
recaieed yiwld safety factors (1.7 for loads ard 1.25 for pressura only) {ET Stress Report 826-2189 and
ETS-SE-0007-71 A~rowhead)]. The line assembly also neets oChar o08rating and NONODEFRTTNG reguiroments
Sefimad par COLE0Q1TS,. Marterial selected fn accordance with MMC-ET-3E16 and controlled par WpROL Approved
yorgior Frooucl Assurance Fien egaures conformance of compesitien, material compatitility oxd properoies.
Fuzion el seam welding spesificarions, procasses amd oumlity comtralz are im secorcenee with BPS-WPO-103
[Arrouhesd) .

To rechew weight, the SLUT elbcw well thickneas was reduced from 100 imch to 020 insh.

Mating Burface flatress, waviness add finich are soeeificd on engireering drawings To acewre perfartance
within the capability of the seal.

The fiexible jaint mraemsliss provicde for irgcsliacion migsligroenty snd Fecorring ootions coming lomding
ad boost. The fLexibie [aint gscembly iz fapricaced from 21-4-F ARMCD stalnless steel, The ball
located within the ball stral assembly 13 fabricated from Incorel FIA. Yiteolube is applied (o prewent
seizure of the tall and strut.  Compatibility tasting of the vitroluow s specifisd for onygen service
[HP3-MPE-i21, Arcrowhaad).

The pressuce carrier bellowd 75 m threw ply cogtruction with reletively low corvolution height and open
pitch.  Each tube 016 inch wnick i rolled ard weloded with 2 longitudinal buttwalos. The tubes are
telescoped ome within the other and The comvolurss are rolt formed.  The open pirch allows larger form
radies for gomd stress distribution end is more resistant t0 vorter shedding,  Assessment for flow
rrdemesd vibErETIam im pecordames with MGFC Spee JOMO2540 amed Prajesr Report 072 2110 (Saerrhwast Regparch
[reTiTutey Shewsd TRat the Dellows could provide adeguate Life ar soecified conditions. No flow Lirers
are incorporated iffto The design.

Ta further reduce 511 weight, urrevessary meterial was remowed from the LOE feed] ine BESTRA bock hub and
SEFULES e tlimeed B4 Matih. The rovisod mifaman ultiimete factcr of Safoty for the back hub/itrut
stebility i3 nom Z.68.

The LOZ Feediine, Fulb Flex Ascy (Intertank) is gualified. Reference SO0 SMC-ET-THMODS-D13.

Dyeghognent;

Epllowe: A bilicer sxcevbly oJaz subjested tE the tallowimg test: speing rete, bonding noment, 1002
faTice opsles, 20 icing eycles, siremeidal wibration, snd bursc pressure. PFroof preasore sed (sakage
tests ware performed three times. No ceformation, structural damage, degradation or Lleakape was
detected. Rurst pressure was greater than 00 peig with mo evidence of failure  {ETS-DTR-0001,
ArToadnead) .

Flangrs: Three flenges were supjected to proof and wltimare load cests Chydresratic, preumaric and
Cryogenicy. Twd tLengRs (floating flange configuration: meceodod the oeflection 1imit.  The chird flamge
[fixed flange configuration) wax withim sllewabla [imits. A completely redesigned flange EfLigat
configuration, fiaed flamae with slotred hales) was ebjectsd to laads ws. cdeflection tests. Resulie
warg Within al lowakie geflection Linits (ETS-DTR-0O0Z, Arrcwhesd).

BSTRA: Testirg of ore PSTRA assembly wizh & Stoody & bell included proof pressyre, leakege, proof
lemd, limiz Leaa, 1000 operatie Life and e temperacucs cyclep, sinegcidsl snd randem wvibration, s
ulTimaTe |oag, Froaf pressure ard Leakeoe checks perforfed befare and afrer the vibration rests Showed
ma ewidence of dxwge ar leakage. (ET5-OTR-000F, Arrowneed).
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CRTTICAL TTEMZ LIST {CIL)
CENT INUAT[DH SHEET

EYSTEM: FromlsionfMechantcal FEV & DATE: d, 12-19-97
EUEEYETEM: LCZ Propallamt Feed OEN & DATE:
FMER 1TEW CODE{S): 2olubal

RATIONALE FOR RETENTIAM

TEST: ([eemi)

Ball-Socksr Subaccembly: Testing was performed om fwo Dol l-sockeT gets (comsisting of an Inconel 716
Ball SockeTi, Teating of l:neobal.l'sacket aet couted with witrolube included proof losd and 2000
mtion cycles urder load ar -220° F, amgulating batween +6.5% and -5.5%. The ball-socker assembly
damsrestrared The capability to withetand motion aveling In mxcess of the spacifipd 500 eyele redulrement,
with bersiing maeent remeining within Limits after 2000 cymies. Wvisual =xamlnation after 2000 cycle
revesled Formel wesr md Fa o ewvicerce of galling. A eecond bal loeseket apk wes ot roated and sabjected
ta 30 reoperature shock cycles, Subseguent fnspection revealed no defects, (ETS-DTR-0004, Arrewhead).

He new or umigue development activities ere reguired for the S1WT Project.

iff i
LET-5d thryg B3

ESTRA; Testing of ofe BSTRA, with an Inconel 718 Lall, included proof prescure, proof Load,
oratimg eyole, operating lite (500 myeles), tewpersture cpcle (Five excursionsy, wibration, and
UlEimate loads. Leakage FesTs Immersion o Leak detector salution) were performed following the
proaf pressure, proof load and temperpbyre Cycle fasts, Ho BSTRA Lsakane (bubkleg) were detested.
Leakage tedbs using & mRss Spectrometer were performed follewing the vibration and ultimete |oads
tRctE.  Lemkage was lmss than 3x10 "$CCS  (MMC-ET-pafR-Z3).

Lime pogowmly:  Testing wes corducted om @ Line ss3mmbly identical to (T except the ASTRA Lall

marsrinl wAE groody 2 ineremt af Immomel IR ard the Lime esatoined instrunentation begees,

Testing included geflection, operating gyecle, proof losd and leakage for accsptence, 500 operating .
life cycles (O30 at LM77 temperoture, pressurized to 7o peig, S0 AT amblent teaparature,

woreliurized), five tomoerature eytles, lire Leakage chock, ard ulfikmte loads ax LMZ tamperature

with INCermal preseurs Up T 279 pEig.  The Ladkage chack wee conducted wWith the |fme preseurized

a 75 palg for 15 mirgres, Mo Lire leaksgs wae nsred,  (WMC-ET-RADD-F)_

LWT-89 & Up C(5LWT Frojectiis

The S.WT deaign was certified by similarity tao the LT [-097) design end ty analysis {Stress

o lysic document S1%-S7-031 and Fropultion Aralysis oocument A150/F-97-&0871. The SUWT desisn
i% idemtical to the WLWT desion except that the BATRAs hawe had sucess meterial remcvad, ard aolbow
wal | Ehicknass recucsd, Doth for weight reductiar,

META Firirms/Tarkinge: A forsard flexibla fesdlime mszembly similar to the abowe qualificarion unit has
accu.ated Se.5 mirgtes of firing time 27 cryagenic eycles amd &2 pressurization cycles.  Therg was no
svideree of sTroctural feilure resulting from Ehese cemsures. ifrain gages weare attached to the bellows
cenvolutes for the measursmenr af ctreds sssoeiabed With flow vibration, Mo appreciable charge in gtrain
GEGE QUtER® Was moTed during firings, indicatitg that there was na flow induweed vibration for the flow
rroLgh T0A% power rating.
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CRITICAL [TEMS LEST {CIL2
CMT.INUATION SHEET

SYSTEM: P ==puls1om/Mechanical EEY & DATE: g, 12-19.97

DIRSYETEM: L3 Propellant Fesd CCM & DATE:

FMEA I™2WM COECEY: 2124841

RATICMALS FOR RETENT[OM
TEST: (eont)
Accwplance:
¥ r =
A, L, Parfard load ve daflaction tost each BETRA joint pssaembly CATP 175-320, Arrowhasd for
7 LWT-5& thru 36; ATP 14175-39%, Arrowhead for LWT-57 thru 88; ATP 187175-510, Arrowhead for LWT-2¢ &
Uml. :
Yendar = (| free Ascembly):
AL, Perform operating pressorefdeflection ad proaf loads tests (ATP 175350, Arrownesd for
0: LWT-3& Thru 56; ATP 1a173-399, Arrowhsad for LWT-37 chre B8; ATR HE175-570, Arroehead for
LWT-89 L L.

c: Ferform 100X proof tesr of G5TRA pad welde ([ATP 18175-30Q, Arrowhesd for LWT-S57 thru Z8; AP
T8175-510, Arrowhead for LWT-82 & Up).

A= Perfaen ledkage teet after operating proszuce/deflectiocn, proaf losde ard 108 prooct tests EATP
172380, Arrowhead for LWT-54& thru S&; ATP 14175-399, arrowhead for LwT-57 thru 88; ATP 1&175-310,
Arrownasd far LWT-89 & upl.

MWiF - (Lipe agzemblyl:
B: Farform seal Lleakage rext after irgrallarion (MMC-ET-THOAK],
INFPECTION:

vendor |nspecrion - Lockhews Marrin Surveiflance;

A, L= Verify mmterials ssiection amd wverification comtrols ¢MME-IT-SE76 and drawimgs 1877%-47, 18175-3,
T61TH-1%, WATH-LR, WITH-17-3 10990-51-3-3, 168%50-51-7-7, 10950-51-7-3, 10850-51-T-%, $0950-31-3,
10950-81-7-11, 10950-T1, 109S0-91 10960-91-3-3-2, Arrowhesd).

&, C: Irspec: welding (MPE-MPE-103, Arrowhead) .

A, E: Peretrant irspert welding for LWE-36 thru AE (MIL-1-084R, Type 1, Methad C, Group W3,

A, C: Penetrent inEpeet welding for LWT-8% & Up (MIL-STD-E8&&, Type 1, Method A, Soraifivicy Level [V).

L Verify u-ray results (RC[-15-057, Arrochead).

8: Irspest mating surtace flatneas, fimish ad dimersios (drawimgs 1617547 ard 1617932, Arrowhesd)

b: Inspec: dimevsions (drawings 1U950-T1-3, Arrosheadl.

[+H verify labricaiion (MPS-MPO-121 and grawleg I0950-91-5-F, hrrowhead],

fr- Witnese cleaming (MPS-HPO-105, Arrowhead!.

Lockheod Martin Proggrement Oual ity Ronrocontativer

haD: witrese Jloakk  we  daflection, cpersting  pressure/geflection, proof | oed, pEt  tesT
irgpectionsexanination and leakage tasr= {ATP 175-380, Arrowhesd for LWUT-54 thru 567 ATE 1L175-300,
Arrowhesd for LWT-S7 thru 83; ATP 18175-510, Aarrowhead for LWT-E27 & Upl.

co Witress 00T progf test of G5TRA pad welds CATP WATS-399, Arrowheed for LWT-57 thru 88; ATF

HASTER

16173310, Arrpwhead, for LWT-89 & W),
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CRITICAL [TEMS LTST €11}
CTWTINUATICK SHEET

STSTEM: Fropul51on/Mechanicel REV & DATE: A 12-1R-FT
ELEEYETEM: W02 Propel lant Feed ICN E DAIE:
FMER LTEM CODE{S): -

RAFIONALE FOR RETENTION

INSPECTION: [Cont)

MEF 13 ions
B: Witrese meal flange leakage tests {MMC-ET-TMDGK]).
B: Irspect Cvisuallyl sealing surfaces are free of nicks ard radial =cratches [acceplance drawing
B2 0ma1 ).
B: verlly Tmstallation (drowing BOF2T1T1900 5.

FAILURE HISTORY:

Cucrent daks on test failures, unexplained snomalfes anel other failures experiented during grourd
processing activity can be found in bhe FRACA data base.
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